p-Toluenesulfonic acid (PTSA) in ethanol was used as a mild acid catalyst for the annulation of various functionalized diarylalkynes under microwave irradiation. This metal-free process allowed the synthesis of a range of 3-aryl-substituted isocoumarins in good yields.
Isocoumarin structures are important components in many natural products that exhibit a broad range of biological activities including antiallergic and antimicrobial, 1, 2 antifungal, 3 antiinflammatory, 4 immunomodulatory, 5 cytotoxic, 6 and antiangiogenic. 7 Therefore, a number of methods have been reported in the literature for the synthesis of the isocoumarin ring. 8 The most common route is undoubtedly the cyclization of 2-(1-alkynyl)benzoic acids/esters through activation of the triple bond. 9 A recent approach to the synthesis of isocoumarins from diarylalkynes using trifluoroacetic acid (TFA) 10 as a reagent and solvent, prompted us to present our results in this field.
Previously, we reported a new and efficient p-toluenesulfonic acid-catalyzed hydration of unsymmetrical ali-phatic alkynes in aqueous or alcoholic media. 11 Interestingly, this new, environmentally friendly, metalfree procedure has been applied successfully to diarylalkynes to regioselectively afford a series of carbonyl compounds. 12 Following this work, we were interested in applying this mild and friendly procedure to diarylalkynes bearing an ortho-alkoxycarbonyl function on the aromatic ring in order to give the corresponding 3-arylisocoumarins. Herein, we report the results of this study.
First, we studied the reaction of diarylalkyne 1a, bearing an ortho-ethoxycarbonyl function on the aromatic ring, as a model substrate. The results, summarized in Table 1 , showed that treatment of 1a with a catalytic amount of ptoluenesulfonic acid (PTSA; 20 mol%) in refluxing ethanol afforded the corresponding isocoumarin 2a in a good yield but only after prolonged reaction time (70%, 24 h, entry 1). Next, in a continuation of our work on developing rapid and efficient methodologies, 13 we chose to promote and accelerate this reaction using microwave irradiation.
In this way, we were pleased to observe that a reaction time of 30 minutes was sufficient to reach up to 98% conversion of starting diarylalkyne 1a into isocoumarin 2a, which was obtained in excellent isolated yield (89%, entry 2). As a control experiment, 1a was heated in ethanol in a sealed tube at 160°C for 30 minutes. Comparison of the results obtained using conventional or microwave heating indicated clearly the efficiency of the latter method [compare Table 1 , entry 2 (89%) with entry 3 (30%)]. Other carboxyl groups were also examined for this annulation reaction. Interestingly, the yield of 2a was remarkably increased by switching the ethoxycarbonyl ester to a carboxylic acid function (98%, entry 4). When the reaction was performed on 1c, containing an amide group on the aromatic ring, 2a was obtained in 74% isolated yield (entry 5), together with 19% of the 3-arylisoquinolin-1-one resulting from the 6-endo-dig nitrogen-cyclization. When 1d (R = CN) was heated with PTSA in ethanol under microwave irradiation, 2a was still isolated but in a modest yield (38%, entry 6).
Using our protocol, we were able to prepare a series of functionalized isocoumarins from various diarylalkynes 1 in good yields ( Table 2) . For practical considerations, we choose to prepare these isocoumarins 2 from diarylalkynes bearing an ortho-ethoxycarbonyl group (rather than CO 2 H), as they were readily available from Sonogashira-Linstrumelle couplings. 14 As shown in Table 2 , entries 2 and 3, the presence of a methoxy group on the ortho or the meta position did not significantly affect the yield of this annulation process. A similar result was obtained starting from 1g-i, which provided the 3-arylisocoumarins 2d-f in satisfactory isolated yields (entries 4-6). The presence of a nitro group on the aromatic ring did not interfere with the outcome of this process, as demonstrated with diarylalkyne 1j (entry 7, 61% yield). Similarly, the arylnaphtlyl alkyne 1k was successfully transformed into the isocoumarin 2h in an excellent 85% yield (entry 8). Finally, when replacing the phenyl substituent by a pyridine ring, this methodology was still found to be efficient, and the corresponding isocoumarin derivative 2i was obtained in a satisfactory isolated yield within a reasonable reaction time (entry 9, 2 h, 59%). Interestingly, we observed that our protocol was still efficient with the aliphatic arylalkyne 1m. In this case, 3-pentylisocoumarin (2j) was obtained in good yield (entry 10, 82%), suggesting that the presented protocol could be applied successfully to a range of aliphatic arylalkynes.
To show the high synthetic potential of this protocol, we have tested it with the diarylalkyne 1n bearing a nucleophilic ortho-hydroxymethyl substituent in place of the ethoxycarbonyl group (Scheme 1). We were pleased to observe that after stirring for 30 minutes at 120°C under microwave heating, the annulation proceeded effectively to give the desired isochromene 2k in good yield.
In conclusion, a novel and reliable procedure for the synthesis of isocoumarins has been achieved via PTSA-catalyzed annulation of ortho-substituted arylalkynes in ethanol under microwave irradiation. This metal-free procedure is characterized by the mildness of its acidic conditions, the short reaction times and good yields. The synthesis of other heterocycles such as isoquinolines and isothiochromenes from their corresponding ortho-substituted benzylamine or thiol derivatives, respectively, is 
Typical Procedure
To an Emrys Optimizer 2-5 mL pyrex reaction vessel were added diarylalkyne (0.5 mmol) and PTSA (0.01 mmol) in EtOH (2.5 mL). The reaction vessel was then placed in the Emrys Optimizer and exposed to microwave irradiation for the time indicated in 13 
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